The project had the goal to develop and commercialize a low-cost rotary steerable system (LCRSS) capable of operating downhole at conventional pressures and temperatures to reduce operating costs by a minimum of 50% and lost-in-hole charges by at least 50% over t he c urrently offered systems. The LCRSS system developed under this project does reduce operating costs by 55% and lost-in-hole charges by at least 50%. The developed product is not commercializable in its current form.
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Executive
Objectives
The overall objective was to develop and commercialize a low cost rotary steerable system (LCRSS) capable of operating downhole at conventional pressures and temperatures (20,000 psi / 150 C) while reducing the operating costs by 50% and the lost-in-hole charges by 50% over the currently available s ystems. The proposed reduction in costs were t o be realized through the s ignificant reduction in tool complexity, a corresponding increase in tool reliability as expressed in the mean-time between failure (MTBF), and a reduction in the time and costs required to service tools after each field operation. Ultimately, the LCRSS system was to be capable of drilling 7 7/8 in. to 9 5/8 in. borehole diameters.
The project was divided into three Phases, of which Phases I & II were previously completed and reported on, and are part of the case file. Therefore, the previously reported information is not repeated herein. Phase III included the fabrication of two field ready prototypes that were to be subjected to a series of drilling tests at GTI Catoosa, DOE RMOTC, and at customer partnering wells, if possible, as appropriate in the timing of the field test objectives to fully exercise all elements of the LCRSS. These tests were conducted in an iterative p rocess based on a performance/reliability improvement cycle with the goal of demonstrating the system met all aspects required for commercial viability. These tests were conducted to achieve continuous runs of 100+ hours with well trajectories that fully exercised the tool's build/turn/drop/hold target capabilities and its higher end ratings for bit weight, torque and rotary speed. The tool teardowns were rigorously analyzed at the conclusion of each field run to assess component wear rates and to fully document any detrimental behavior(s) observed.
Summary of Phase III

Task 9 -RSS Manufacture for Field Testing
DBDHT / SGDHT qualified and utilized two low-cost RSS tools during the field-test operations. This task was originally planned to include the building of two additional prototype LCRSS tools. However, based upon the required redesign effort, an alternative tack was taken to build critical spares for the unitized hydraulic and electronics subassemblies as well as buying substantial quantities of the consumable parts such as elastomeric seals, bearings, etc. for the two prototypes built in Phase II. This approach worked well by reducing rebuild times.
Task 10 -Conduct Graduated Series of Field Tests
The purpose of this task was to conduct a graduated series of field tests to demonstrate that the LCRSS operated to its design specifications under a wide range of typically encountered drilling conditions. As such, each successive test was planned to be more demanding than the prior ones in terms of the environmental loads, drilling duration and well trajectories. Each test sought to maximize drilling time as dictated by the rig's availability.
At the conclusion of each test sequence, each tool that had been run would b e completely disassembled and thoroughly inspected to identify any damage incurred, measure actual versus expected wear rates, and most importantly to identify any substantial deficiencies which were eliminated through component reinforcement and/or redesign so the LCRSS could b ecome a c ommercially successful alternative to competitive offerings in the marketplace. These tests also provided a direct gauge of the time and costs involved in servicing the tool for consecutive runs.
Originally, the program plan called for a total of four multi-week sequences to be scheduled with allowances between the sequences for a 30-day period to implement any design changes. In actuality, a much more aggressive test plan was undertaken with a total of nine test sequences conducted since the March 2008 run at the DOE RMOTC facility outside of Casper, Wyoming. This path proved to be very beneficial, as it allowed for additional runs to validate important modifications made to improve directional performance and LCRSS reliability.
Task 11 -Address Noted Deficiencies / Validate Design Changes
This task addressed the changes in the tool design, the tool assembly procedures, the tool servicing, and the field operating procedures needed to achieve the desired performance and reliability specifications prior to commercialization. The success of revisions were fully demonstrated and properly documented. The failure mode effects and criticality reviews were continued during Phase III after each field-test sequence (with supplemental testing in the laboratory performed as necessary) to minimize risk and cost factors.
Phase III Conclusions & Recommendations
1. The objectives of reducing fabrication and low-in-hole costs were successfully met. The LCRSS prototype costs were 55% less than the prior generation tools.
2. The LCRSS was more reliable when run on batteries than on the alternator. 5. Servicing costs and turnaround time varied depending on the wear and tear of equipment.
6. The final system is not yet mature enough to pursue commercialization. As such, DBDHT/SGDHT will continue developing the system under their own initiative.
LCRSS System Description
Diamondback / SERVAgroup Downhole Technologies, LLC Low Cost Rotary Steerable System (LCRSS) represented t he latest generation, state-of-the-art design. The company's engineering team applied the "lessons learned" from past RSS development and testing activities to produce a new design that was significantly more robust and much less costly to build and service. The new LCRSS tool adopted a "plug and play" approach that allowed tool assembly and service to be accomplished 75% faster than predecessor systems. In addition, the new design had well under half the part count and had proven far more amenable to downsizing to a 4 ¾ in. tool size. This design is illustrated in the FIGURE 1 below. The additional proprietary re-design information may be obtained by contacting the Project Director.
Key design elements realized in satisfying the objectives of producing a less expensive, more reliable tool included:
 Unitized 150°C Electronics -All electronics resided inside a single 20,000 WPSIG pressure canister having one multi-pin booted electrical connector. This design minimized the number of soldered connections with none required except those made on the PCB board level.
 Unitized Hydraulics -Like the electronics, all hydraulic components including the system oil compensation resided in a single housing. This was in sharp contrast to prior design where the hydraulics was dispersed in multiple modules that required more c omplete mating requirements. The net result was a substantial reduction in costs, assembly time and most importantly, the elimination of a large number of O-rings and fasteners. The hydraulic canister was also rated for 20,000 WPSIG.
 Top Loading Drive Shaft -The LCRSS employed a top loading drive shaft that simplified the assembly. The drive shaft featured dual sets of radial bearings at the top and bottom sections along with intermediate radial bearings run in the immediate vicinity of the shaft-drive hydraulic pump. On-and off-bottom thrust bearings were a lso included reacting to weight on bit and tripping forces. Proprietary seal technology was used at the top and bottom of the shaft/housing interfaces to prevent communication between the shaft oil and drilling mud.
 Closed-Loop Operation -The LCRSS was a 4-piston, closed-loop push-the-bit system. The closed loop control eliminated the need for a high level of operator training and optimized the rate at which given sets of target coordinates were obtained. Additionally, closed-loop assured a high level of fidelity (reduction in vertical and horizontal wander) once the target objectives have been met. .
Figure 1. DBDHT 6 ¾ in. LCRSS
Summary of Accomplishments:
The specific objectives for Phase III were to make significant progress on tasks 9, 10 and 11.
Prior to the commencement of field tests, the tool electronics were subjected to a series of thermal (155°C ramp/hold/ramp) and vibration tests (5 G and 15 G rms random ½ sine, 10 -1000 Hz all axes) during January and February 2008. These tests were conducted with the electronics packaged exactly as they are normally housed for the down-hole environment. The electronics successfully passed these tests and allowed DBDHT / SGDHT to start field test activities. The Quanta Laboratories reports, included in Attachments A and B, illustrates the test hardware and typical frequency profiles for the random vibration tests.
 A total of 19 LCRSS field runs were conducted during the Phase III period. Specifics for each of these runs are provided in Table 1 . Table 1 shows 13 of the runs involved directional well trajectories with the remainder being operated in the vertical control mode.
 Downhole jars were set off multiple times in two of the 19 runs without causing any damage to the tool. The use of the jars were occasioned by shale sloughing on one well and by a rig failure which resulted in the inability to either circulate or POOH for an extended period of time in the second.
 The first two field test sequences suffered from erratic pulsing. The problem was primarily traced to improperly manufactured multi-pin electrical bulkhead connectors that leaked -resulting in loss of electrical isolation between the pins. This problem was addressed over a two-month period with the vendor and was subsequently corrected. Validation of proper connector fluid sealing was independently verified by DBDHT by building a pressure test cell that was filled with highly conductive salt water. The vessel was pressurized to 2500 psig and held while each pin was megged against every other pin at 500 volts. No subsequent issues were observed.
In addition, these first tests led to modifications of the rotary seals gland dimensions and the middle and lower radial bearing assemblies. Under continued independent testing and as additional test data is collected, minor design changes are expected to further improve performance and reliability, as well as reduce fabrication costs of the production units.
 The last 10 runs beginning in June 2008 consisted of picking up a single LCRSS tool and completing the run objectives without a single failure. Tool teardowns were non-remarkable.
 Field tests were conducted with both PDC and tri-cone roller bits. Bit weights across these tests ranged from 10K -45K. All tests were conducted with 8 ½ in. and 8 ¾ in. diameter drill bits.
 Rotary speeds ranged from 40 to 182 RPM. This included successfully running the LCRSS with Kelly -and top-drive rigs as well as in conjunction with a multilobe positive-displacement motor run above the LCRSS bottom-hole assembly. Flow rates ranged from 325 -475 gallons per minute using water-base muds. Mud weights ran from 8.7 -10.3 pounds per gallon.
 Build, hold, drop and vertical control well trajectories were s uccessfully completed. Early tests identified changes that needed to be made to the steering rib extended and collapsed diameters in order to meet the desired build rate of 9 degrees / 100 ft. These changes were made with excellent agreement being found in actual versus theoretical build rates. No discernable DLS differences were found when either building up or dropping inclination angle.
 Downlinking t o change target parameters was also tested on numerous occasions and its correct operation was verified. 
Financial Report
Schedule Status
The actual schedule versus planned schedule is compared in Figure 2 . 
Task Description
Changes in Approach
Other than discussed above, no changes in the project approach were required.
Problems
Other than discussed above, no significant problems occurred during Phase III.
Changes in Key Personnel
Noble Corporation sold the Noble Downhole Technology Division to Diamondback on November 1, 2007.
Products and Technology Transfer
No products or technology transfer activities occurred during this period. 
Property Certification Statement
The Property Certification is submitted contemporaneously with this Final Report.
There is no residual Government-owned property of any description remaining at the completion of this contractual effort, contract no. DE-FC26-05NT42657.
